TOPIC : Boiler

	

	IN the first installment of this article we learnt the following:

· Understanding different methods to calculate system efficiencies 

· Knowing the difference between the lower and higher heating value of a fuel 

· Appreciating the difference between the direct and indirect method of measuring the system efficiency 

· Establishing a list of losses 

· Understanding the basic mathematics behind efficiency calculations 

· Converting between norm efficiencies. 

In the concluding installment we will learn: 

· The loss concept and energy savings and 

· The PPM concentration concept. 
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	Loss Concept 

Many times the loss is expressed in "percentage of fuel energy" lost. Unfortunately this expression has an ambiguous meaning. Consider the case where CO losses are referenced as "0.5 per cent of the fuel energy". 
For most people it means that if the HHV of a fuel is 42 MJ/kg then 42 � 0.005 = 0.21 MJ of energy are lost through incomplete combustion per kg of fuel fired. Another logical but nevertheless not always correct conclusion would be that 
0.005 x1kg = 5 gram of fuel are needed to compensate for this loss.
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	It is therefore important to recognize the difference between the phrases

· "The loss is equivalent to x per cent of the fuel energy", or 

· "The loss is equivalent to x per cent of the fuel." 

In the literature the phrase "The loss is equivalent to x per cent of the fuel energy" is overwhelmingly used. Therefore this percentage figure must be divided by the boiler efficiency to derive the all-important "percent of fuel savings".

	The PPM Concentration Concept

Some gas species are measured in ppm (parts per million in volume units) or mg in stack gas. Examples are concentrations of CO, NOx or soot in the stack. One volume percent equals 10,000 ppm. Soot or solid particle concentration of stack gas is measured in mg per volume unit of stack gas. 
In order to compare these numbers it must be clearly stated to what excess air or percentage of oxygen level of the stack gas these numbers refer. As a convention, concentrations of these species are referenced to 3 per cent oxygen in the "dry" stack gas. 
For example, a manufacturer claims the solid particle load is 200 mg @ 3 per cent oxygen while another one claims 300 mg @ 10 per cent oxygen. To express the given concentration of "200 mg @ 3 per cent O2" in terms of "??? mg @ 10 per cent O2" use the following equation:
where 
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PTC 4-1998, the ASME performance test code for fired steam generators


	Consequently the boiler referenced at 200 mg @ 3 per cent O2 is more polluting than the boiler referenced at 300 mg @ 10 per cent O2.
In the environmental impact assessment of a boiler, it is important to reference measurements of environmental pollutants correctly to a base level expressed as "??? mg @ per cent O2" or "??? ppm @ per cent O2" in the stack gas.

	Summary

	Operational efficiency testing or commissioning of boilers requires that you clearly state the following:

· The method used to determine the efficiency (direct or indirect). 

· The norm and technical guidelines applied to calculate the operational efficiency (national norms or your own). 

· A description of the system boundary and its reference temperature (usually 25oC). 

· The type of measuring equipment used. 

Note that the objective is to identify opportunities to reduce energy losses and express the potential in terms of "Percent of Fuel" saved. It is therefore not so important what norm or technical guidelines one uses to calculate operational or design efficiency as long as the relative improvement in efficiency is correctly assessed. 
How difficult this task is can be best seen in the PTC 4-1998, the ASEM performance test code for fired steam generators. The code is 261 pages long.
Even if one follows the code by letter and spirit the resulting efficiency of a boiler may be 85 per cent (61 per cent). Under these circumstances, provisions such as "….supplier pays a fine of Rs 9 lakh for any -0.1 per cent deviation from the guaranteed design efficiency" has only an entertainment value in local contracts.
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